MATERIALS AND METHODS Seedlings of Viiafaba were grown for four weeks at two different light intensities (55 and 105 watts per square meter) in a saline (50 millimlar NaCI) and nonsaline nutrient solution. NaCi salinity depressed growth and restricted protein formation, CO2 assimilation, and especially the incorporation of photosynthates into the lipid fraction. Conversion of photosynthates in leaves was much more affected by salinity than was photosynthate turnover in roots. The detrimental effect of NaCi salinity on growth, protein formation, and CO2 assimilation was greater under low than under high light conditions. Plants of the high light intensity treatment were more capable of excluding Na+ and Cl and accumulating nutrient cation species (Ca2 , K+, Mg2e) than plants grown under low light intensity. It is suggested that the improved ionic status provided better conditions for protein synthesis, CO2 assimilation, and especially for the conversion of photosynthates into lipids.
Saline conditions depress the growth rate of many plant species. Salinity also influences various biochemical processes such as the assimilation of N, protein synthesis, and CO2 assimilation (1, 4, 14, 15, 17) , but conflicting evidence has been obtained. For example, Langdale et al. (6) reported that NaCl salinity increased the protein content of stargrass. Similar observations have been reported by Helal et al. (4) who found that salinization enhanced the incorporation oflabeled N into protein. In another experiment, Helal and Mengel (5) found the reverse effect in young barley plants: the incorporation of labeled N into the protein fraction being impaired by NaCl salinity. Such contradictions may reflect the secondary nature of the influence of salinity on biochemical processes. Results of Livne and Levin (7) indicate that the rate of respiration is increased under salt stress. These and other authors (8, 16) suggest that plants grown under saline conditions have an increased energy requirement to adjust to the unfavorable ionic conditions of the nutrient medium. If this supposition is correct, then the energy supply to plants i.e. the light intensity, should influence the extent of salinity damage. Evidence for such a relationship has been found in the rather salt-tolerant algae Chlorella sorokiniana (1) . Growth of this high temperature, fresh water species of Chlorella was less impaired by NaCl salinity when higher light intensities (100 w/m2) were applied. The aim of this investigation was to test whether a light-salinity interaction also is operative in a higher plant species. Broad beans, Viciafaba, were used to investigate growth, "'CO2 assimilation, and the distribution of "C in the intact plants. ' Supported by the Alexander von Humboldt Foundation.
Seeds of broad beans (Vicia faba cv. "Ackerperle") were germinated in the dark and then transferred to solution culture based on the following stock solution. Macronutrients (mM): NH4NO3, 3.0; K2SO4, 0.5; NaH2PO4, 1 During the first week of cultivation the solution was diluted to fifth and in the second week to half strength. In addition to these nutrients, NaCl also was added at two concentrations: I mM, control treatment; and 50 mm, salinization treatment. A concentration of 1 mm NaCl was chosen for the control treatment, because under field conditions some Na+ and Cl-always is present in the soil solution. Such a low NaCl level has no salinity effect. Plants in both of these treatments were exposed to two light intensities: 55 w/m2 and 105 w/m2. The experiment thus consisted of a 2 x 2 factorial design. Each treatment comprised four 5 x 1 pots with five plants per pot. NaCl was added gradually after the first week ofgrowth. On each day 10 mmol NaCl/l was introduced into the nutrient solution until the final level of 50 mm. The pH of the nutrient solutions ranged from 5.2 to 5.8. The nutrient solutions were continuously aerated and were completely renewed every fourth day. The plants were grown in growth chambers supplying the following environmental conditions: 14 h light, day temperature 24 C, night temperature 14 C, air humidity 70%.
Twenty-seven days after germination one plant was harvested from each pot (four replications per treatment) and divided into leaves, stems, and roots. These were weighed, cut, and then subdivided. One subsample was oven-dried for the determination of the dry matter content. In this subsample the minerals were analyzed. In the other subsample the N fractions were analyzed according to a technique described by Helal et al. (4) . As the effect of salinity on the N fractions did not differ much for leaves, stems, and roots, the N contents were recalculated on a total plant matter basis (Table II) . The effect of salinity on the mineral content was especially evident in the leaves and for this reason only the mineral content of the leaves is reported here (Table III) .
The remaining plants were exposed to an atmosphere of "Clabeled CO2. This was produced from Ba'4CO3 by the addition of H3PO4. Each growth chamber received 2 mCi which only very slightly raised the total level of atmospheric CO2. The plants were allowed to remain for 24 h in the '4C02-application chambers over which period nearly all 14C02 was absorbed. After flushing the chambers with normal air each individual plant was divided into leaves, stems, and roots. These were weighed (fresh weight) and then each sample (16/treatment) was cut in strips and subdivided. One subsample was oven dried for the determination of the dry matter content; the other subsample was treated with liquid N for the determination of the 14C label in the various fractions. After this liquid N treatment, the plant material was extracted with 75% (v/v) ethanol three times, the last extraction being carried out with hot ethanol. The residue of this extraction is referred to as "insoluble fraction" and consists mainly of cell wall material, starch, and proteins. The combined extraction solutions were concentrated to dryness in a vacuum rotatory evaporator at 60 C and the resulting concentrate was dissolved in 30 ml H20 + 30 ml chloroform. After phase separation, aliquots were taken from both the chloroform phase and the water phase. The samples of the chloroform phase are referred to as the "lipid fraction."
The aliquots of the water phase were transferred to a cation exchange column (Dowex WX, 50-100 mesh in H+ form, I cm diameter, 20 cm column length) to separate the amino acids from sugars and organic anions. After the sample solution had passed through the column, this was washed with 100 ml distilled H20. Sugars and anions were contained in the effluate. The column was then eluted with 100 ml 2 N NH4OH. The resulting eluate, containing the amino acids, is referred to as the amino acid fraction.
The effluate of the cation exchange column, containing sugars and anions, was passed through an anion exchanger (Dowex I x 8, 50-100 mesh in the formate form, 1 cm diameter, 20 cm long). The column was washed with 100 ml H20 and the resulting effluate contained the sugars (sugar fraction). To obtain the organic anion fraction the anion exchanger was eluted using 80 ml 5 N formic acid.
Using this separation procedure the following fractions were then obtained: insoluble fraction, lipid fraction, amino acid fraction, sugar fraction, and organic anion fraction. In all these fractions 14C was determined using a liquid scintillation counter. In the case of the insoluble fraction the residue was dried at 60 C, weighed, and ground. From this material, samples of 50 to 100 mg were oxidized by the catalytic combustion technique described by Peterson (14) . The resulting CO2 was absorbed by NaOH and the 14C activity was measured in the liquid scintillation counter.
N in all fractions (insoluble N, soluble organic N, and soluble inorganic N) were determined by the micro-Kjeldahl technique. The separation procedure for obtaining these fractions has been described by Helal et al. (4) . The cations Ca2e, Mg2+, K+, and Na+ were determined by atomic absorption spectrophotometry; chloride was measured potentiometrically and phosphate was determined colorimetrically by the vanado-molybdate method.
RESULTS
The saline medium reduced plant growth considerably (Table  I ). This yield depression was particularly high in the low light intensity treatment. Total 14C activity/g dry matter was also depressed by NaCl at both light intensities, but the relative depression was not as high as the growth depression. In the treatment with the higher light intensity, "4C activity/g dry matter was only slightly lower than the control. The higher light intensity resulted in higher yields of dry matter and in an increased CO2 assimilation rate ('4C/g dry wt). The effect of light intensity and NaCl-salinity on the N content and the distribution of N on various fractions is shown in Table II . The NaCl effect on the total N content differed for the two light intensities. Under both light intensities, the proportion of protein of the total N was substantially reduced by the NaCl salinity. NaCl markedly depressed the assimilation of inorganic N as can be seen from the rather high proportions of inorganic N in the NaCl treatments (Table II) . The higher light intensity alleviated this negative NaCl influence with regards to protein formation as well as the assimilation of inorganic N.
In Figure 1 depressions due to salinity were found in the lipid and amino acid fractions. The higher light intensity especially enhanced the incorporation of "C into these two fractions. Figure 2 shows the "C data on the stems. It is also evident in this organ that the higher light intensity promoted the incorporation of "C into the lipid and insoluble fractions. For the amino acids the reverse trend was found. But as the absolute content of "C was rather low in this fraction (see figures above the column), this finding seems to be of minor importance. In contrast to. the amino acid fraction, a substantial amount of "C was found in the organic anion fraction and the higher light intensity had reduced this quantity of 14C incorporated into this fraction.
The incorporation of'C into the various chemical fractions of the roots is shown in Figure 3 . The 14C pattern in the roots contrasts to that of the stems and leaves, as the NaCl treatment, with the exception of the lipid fraction, had hardly any influence on the content of "C in the various fractions. In the lipid fraction from the roots of plants grown at low light intensity, the relative 14C content amounted only to 56% of the control. This particular effect of NaCl salinity on the incorporation of 14C into the lipid fraction of low light intensity was observed in all three plant parts: leaves, stems, and roots. Comparing the relative 14C contents in these three plant parts, as depicted in Figures I to 3 it is evident that NaCl salinity had the most marked effect on the leaves and the least effect on the roots. Table III shows the mineral contents of leaves as related to the NaCl supply and light treatments. The most marked effect presented here is that the higher light intensity resulted in an increased Ca2+ content. To a lesser degree the contents of Mg2" and K+ were also raised. In contrast to this finding, the contents of Na+ and Cl-were depressed by the higher light intensity.
DISCUSSION
The experimental results obtained clearly show that the toxic effects of NaCl were much alleviated by the higher light intensity.
This finding agrees well with results of Chimiklis and Karlander (1) found in Chiorella. In the NaCl-treatment, the higher light intensity improved the total production of dry matter (Table I) and enhanced the formation of protein, the assimilation of inorganic N, and CO2 incorporation (Table II) . The distribution of "4C-labeled material in the various fractions shows this trend to a lesser degree. It is obvious from Figures I to 3 that salinity mainly affected the 14C incorporation of the leaves, whereas in the roots only the lipid fraction of the lower light intensity treatment showed an impaired 14C incorporation. This observation is consistent with experimental results of Nieman and Poulsen (13) who found that autotrophic growth was much more salt-sensitive than heterotrophic growth. The data in Table I and Figure 1 provide evidence that CO2 assimilation was affected by NaCl to a lesser degree than the incorporation of labeled C into the lipid fraction. This may indicate that CO2 assimilation is less sensitive to salinization than the formation of lipids. The accumulation of soluble sugars in the leaves of the low light intensity treatment could be indicative for an osmoregulation as described by several authors (3, 20) . As shown in Table II , assimilation of inorganic N was much affected by NaCl, an observation which is consistent with results of Helal and Mengel (5) obtained from young barley plants. This effect is related to glutamine synthase, whose activity depends much on energy supply (19) .
The most interesting result obtained was the much impaired incorporation of labeled material into the lipid fraction. This suppression of lipid formation under the conditions of NaCl salinity and low light intensity was observed in leaves, stems, and roots. It is therefore suggested that lipid formation is most sensitive to NaCl salinity.
In young plants lipids are mainly present in cell membranes, and in green plant parts a substantial proportion of the total lipids occur in the chloroplasts. According to Mix (11) chloroplast structure of Phaseolus was highly sensitive to NaCl salinity. Chloroplast size has been shown to be reduced by an excess of NaCl (13) . This salt effect on chloroplast growth and size may depress CO2 assimilation and protein formation, because leaf protein synthesis is closely related to the development of chloroplasts (12) .
Plants grown in the high light intensity treatment were better able to adjust to saline conditions than the plants of the low light treatment. Apparently, the higher light application provided more energy for the regulation of the internal ionic conditions, i.e. for a higher uptake of Ca2+, K+, and Mg2' and a greater exclusion of Plant Physiol. Vol. 67, 1981 Cl-and Na+ (Table III) . This internal ionic regulation probably provided improved conditions for CO2 assimilation and protein synthesis. According to Flowers et al. (2) internal ionic regulation is a typical response of glycophytes to saline conditions, which obviously depends on light intensity. The effect of light on the Ca2+ content is particularly marked. Several authors have found that Ca2" is required for maintaining the integrity of plant cell membranes (9, 10, 18) . It thus seems feasible that the depression of lipid formation by NaCl salinity resulted from a lack of Ca2 . Under more favorable light conditions it may be argued that more Cae was absorbed by the plants and thus lipid formation was promoted.
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